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∂Ω
r(vz − uz) dr −
∫
∂Ω






vrr dr dz +
∫
∂Ω
rvr(vz − uz) dr −
∫
∂Ω





















vzr dr dz +
∫
∂Ω
rvz(vz − uz) dr −
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i,j+1/2 − (srv2r)i,j−1/2 =
(srφ)










i,j+1/2 − (srSrr)i,j−1/2 −
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i+1/2,j − (szv2z)i−1/2,j +
gu);  % ﬁ
(srvrvz)
i,j+1/2 − (srvrvz)i,j−1/2 =
(szφ)

























































i,j+1/2 − (srvr)i,j−1/2 −
∫
int
rvr dz = 0.
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ρ = 1000 kg.m−3
k
σ = 0.072 kg.s−2
k
ν = 10−6 m2.s−1
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ν = 10−6m2 s−1
k
σ = 0.072 kg s−2
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zj − zj+1 βj +
z − zj
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z − zj
zj+1 − zj βj+1
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z − zk dz = 0






























k 6= j k k 6= j − 1 - k 6= j + 1 k*ﬂS rw
Γk,j =
zk − zj−1
zj − zj−1 ln
zj − zk
zj−1 − zk +
zk − zj+1


















zj+1 − zj ln
zj − zj−1
zj+1 − zj−1 Γj+1,j =
zj+1 − zj−1
zj − zj−1 ln
zj − zj+1
zj−1 − zj+1
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(Re(Γk,j)ϕj − Im(Γk,j)ψj) = 0 zk ∈ Cψ
N∑
j=1
(Re(Γk,j)ψj − Im(Γk,j)ϕj) = 0 zk ∈ Cϕ
tﬃx
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z = η(x, z, t)
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ηt + ηxφx + ηzφz − φy = 0
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(u · ∇)(∆Az) = unAz,nnn + usAz,snn +O(δ)
= ∂n(unAz,nn) + ∂n(usAz,sn)− un,nAz,nn +O(δ)
= ∂n(∂n(unAz,n) + ∂n(∂n(usAz,s))
−un,nAz,n)− ∂n(un,nAz,n) +O(δ)
= ∂nn(unAz,n + usAz,s)− 2∂nn(un,nAz) +O(δ)
= ∆((u · ∇)Az + 2us,sAz) +O(δ)
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· n = d
dt
(s · n)− s · dn
dt
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λ(R,Z, r, θ, z) =
√




































(r2 +R2 − 2rR cos θ + (z − Z)2)1/2 dθ
k;k













nr(r −R cos θ) + nz(z − Z)















































































































































K ′(m) l ∫ 2pi
0
dθ



































































I1 = − 4E(m)






































































K(m) = (((ak2 + bk) ∗ k + ck) ∗ k + dk)
−(((ek2 + fk) ∗ k + gk) ∗ k + hk) ∗ log(k)
E(m) = ((ae ∗ k + be) ∗ k + ce) ∗ k + de
−(((ee ∗ k + fe) ∗ k + ge) ∗ k) ∗ log(k)
/21
k = 1−m 367 ak ] bk ] \M\4\ ] ae ] be ] \4\4\ <_/57 C?3<aE6/25U<_7 Q 57>3< \




































n = ernr + eznz
k2





























er = x cos θ + y sin θ











































































tr(r −R cos θ) cos θ + tz(z − Z) cos θ − trr (rR sin θ) sin θ
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